Introduction
Preeclampsia is a serious pregnancy disorder, causing an estimated 14% of pregnancy-related maternal deaths and 15% of premature births worldwide. It generally presents as a syndrome of vascular dysfunction, which include maternal hypertension, proteinuria, and glomerular endotheliosis. Despite its longrecognized public health significance and intense investigation, its pathogenesis is still poorly understood, and definitive treatment is limited to delivery to prevent further maternal or fetal complications from disease progression (1, 2) .
It has long been known that the symptoms of preeclampsia are dependent on the presence of the placenta, leading to the theory that preeclampsia is caused, in part, by placental factors that enter the maternal circulation (1) (2) (3) . The strongest evidence argues for the involvement of soluble fms-like tyrosine kinase (sFLT1; the more common name for the soluble form of VEGFR1) in the development of maternal symptoms in most cases (2) (3) (4) . Circulating levels of sFLT1 are increased in most cases of preeclampsia, and the levels increase about 5 weeks before the onset of maternal symptoms, consistent with a causal relationship (5) . Systemic overexpression of sFLT1 in animal models produces preeclampsia-like symptoms (6, 7) , and extracorporeal removal of circulating sFLT1 in preeclamptic patients improves symptoms (8) , largely confirming the role of sFLT1 in the maternal aspects of the disease. Although sFLT1 is an endogenous antagonist of both VEGF and placental growth factor (PLGF) (3), the maternal symptoms of preeclampsia most likely result from interference with VEGF signaling in the mother (2, 9, 10) . Glomerulus-selective deletion of Vegf leads to glomerular endotheliosis and proteinuria in mice (9) , for example, and patients treated with anti-VEGF chemotherapies show hypertension and proteinuria, clinical symptoms similar to those of preeclampsia (2, 10) .
Despite great interest in sFLT1 as a cause of preeclampsia and the potential for treating preeclampsia through manipulation of sFLT1 and/or VEGF levels, the cause of sFLT1 upregulation is not fully understood. Increasing evidence suggests that VEGF itself may regulate sFLT1 production. VEGF, acting through FLK1 (also known as VEGFR2), can directly stimulate the production of sFLT1 by modulating the alternative splicing of FLT1 transcripts (11) . VEGF has been shown to stimulate sFLT1 production in several cell types, including human placental explants (12) . Although several other factors, including hypoxia-inducible factor-1, angiotensin II, and adenosine, have been shown to stimulate sFLT1 production (13) (14) (15) , these factors are also known to either stimulate VEGF production or augment VEGF functions; thus, they may regulate sFLT1 production through the VEGF signaling pathway. Several reports have suggested that there may be increased
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Endometrial VEGF induces placental sFLT1 and leads to pregnancy complications trophoblasts. This suggested that maternal VEGF-expressing cells in the decidua may influence sFLT1 expression in nearby placental cells. To test this, we used a new system to overexpress VEGF in the endometrium/decidua in mice and found that it caused increased sFLT1 production in the placenta and resulted in preeclampsia-like symptoms in the dam.
Results
Increase in VEGF and sFLT1 expression at the decidual-placental interface in preeclamptic women. We examined the cellular localization and regulation of both VEGF and sFLT1 at the decidual-placental interface (basal plate) using in situ hybridization (ISH) and quantitative real-time PCR (qPCR). Although the overall VEGF signal was low in the placental beds of control women, the signal in decidual cells was much higher than the signal in villous trophoblasts and extravillous trophoblasts (EVTs; Figure 1 , A and E). Furthermore, in preeclamptic women, there was a strong increase in VEGF expresproduction of VEGF in preeclampsia (12, (16) (17) (18) (19) (20) . While there are reports of both increased and decreased levels of serum VEGF in preeclampsia, these differences may be explained by differences in methods used for measurement (6, 18) . Finally, exogenous VEGF administration in pregnant mice causes hypercoagulation in the placental circulation and hypertension, some of the clinical manifestations of preeclampsia (21) . Regardless of whether VEGF levels are altered in the serum of women with preeclampsia, local levels within the uterus and placenta are likely more relevant, since VEGF mostly becomes bound to plasma membrane and extracellular matrix after secretion and is widely viewed to function in a paracrine fashion (22) (23) (24) . Therefore, we began our studies by determining the localization and relative expression levels of VEGF and sFLT1 at the decidualplacental interface in normal and preeclamptic pregnancies. We observed VEGF upregulation in decidual cells from preeclamptic pregnancies, along with a clear upregulation of sFLT1 in adjacent 
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Endometrium-specific VEGF overexpression in mice. To explore the effects of increased endometrial VEGF expression, we used a mouse model of endometrial-specific VEGF overexpression, initially adapting previously described methods for transgene expression in the non-gravid mouse uterus using viral vectors (25, 26) . However, our results indicated poor transfection efficiency and variable transgene expression (Supplemental Figure 1 ; supplemental material available online with this article; doi:10.1172/ JCI76864DS1). We next developed a method for consistent, highlevel expression of transgenes in the mouse endometrium during pregnancy that substantially overcame those limitations (referred to herein as Endo-VEGF mice; Figure 2 ). We found that the luminal epithelium was a barrier against virus delivery to underlying sion, primarily in decidual cells (Figure 1 , C and G). Villous trophoblasts in some preeclampsia samples showed a moderate increase in signal, but this was always highly localized. In preeclamptic women, there was also a dramatic increase in sFLT1 expression, primarily in the invading EVTs (Figure 1, D and H) . Consistent with these results, our qPCR data from basal plate samples showed a 1.37-fold increase in VEGF and a 1.78-fold increase in sFLT1 mRNA levels in preeclamptic women relative to controls (Figure 1, M and N) . Interestingly, in both control and preeclamptic women, VEGF was primarily expressed in maternal decidual cells and sFLT1 in adjacent, invading EVTs (Figure 1 , I-L), seemingly forming a barrier against maternal VEGF. These data suggest a potential regulatory interaction between decidual VEGF and placental sFLT1 production. There was also no significant change in the depth of trophoblast invasion into the decidua or SpAs, as determined by cytokerastromal cells, and that by removing it prior to transfection with lentiviral vectors, we could achieve consistent, high-level reporter gene expression specifically in underlying stromal (decidual) cells (Supplemental Figures 2 and 3 ). Luminal epithelium removal and subsequent viral infection did not affect the rate of conception or maintenance of pregnancy, and decidual reporter gene expression was maintained in Endo-VEGF mice through 2 successive pregnancies ( Figure 2 , A-J). Importantly, transgene expression was dramatically enhanced at implantation sites, likely from proliferation of the transfected endometrial cells during the process of decidualization (Figure 2, K-P), amplifying the transgene signal during pregnancy. We then used this method to evaluate the consequences of endometrial VEGF overexpression during pregnancy in mice ( Figure 3 ). Examination of tissue samples by ISH, qPCR, and Western blotting revealed significant increases in VEGF protein and mRNA levels in decidual tissues from Endo-VEGF animals throughout pregnancy ( Figure 3 , B, E, G, and H). Notably, although VEGF levels were increased locally, there was no increase in serum levels of VEGF ( Figure 3J ). SpAs and bring maternal blood into the placenta) and the maternal blood sinuses within the labyrinth zone appeared to be normal ( Figure 5M ). The fetal vessels within the labyrinth that were close to the JZ were dilated and had significantly fewer vascular smooth muscle cells positive for NG2 and α-smooth muscle actin (αSMA) (Supplemental Figure 4 , A-O). In addition, the channels that bring maternal venous blood out of the labyrinth were dilated tin 8 (CK8) immunohistochemistry (IHC; Figure 5 , A-H and P). Within the placenta itself, the JZ was expanded ( Figure 5O ) due to changes in both trophoblast populations and vascular spaces.
There was a significant increase in the number of glycogen trophoblasts (GlyTCs; about 83% of the expanded area), whereas there were no changes in the proportion of spongiotrophoblasts ( Figure 5O ). The central canals (which are downstream of the Endometrial VEGF overexpression stimulates placental sFLT1 production and induces preeclampsia-like symptoms in later stages of pregnancy. Among the pregnancies surviving to GD18 in Endo-VEGF mice, placental levels of full-length FLT1 and FLK1 protein and mRNA were not changed (Supplemental Figure 5) . However, placental and serum sFLT1 were significantly increased in all Endo-VEGF animals ( Figure 3, F, I , and K), which suggests that increased local VEGF can stimulate placental sFLT1 production. Because cells in the JZ, including GlyTCs, are the primary producers of sFLT1 in the placenta, the increase in sFLT1 expression may be due to expansion of these cells. The placenta appears to be the primary source of the increased serum sFLT1 levels, as circulating sFLT1 levels dropped to normal after placental delivery. To verify that VEGF acts directly on trophoblasts to influence sFLT1 expression, we cultured mouse trophoblast stem cells in differentiation medium in the presence of VEGF and found that it stimulated sFlt1 mRNA expression, but had no significant effect on expression of full-length Flt1 mRNA (Supplemental Figure 6 ).
In addition to increased sFLT1 levels, all Endo-VEGF animals with >4 live fetuses at term exhibited typical clinical signs of preeclampsia, including high blood pressure (starting on GD14) and proteinuria ( Figure 6, A and B) . Glomerular endotheliosis, a hallmark of preeclampsia, was also observed in several Endo-VEGF animals, as revealed by histological analysis and PAS staining ( Figure 6, C-F) . Although the lesions were more focal and segmental than in human preeclampsia, glomerular cellularity was significantly increased (control, 44.10 ± 1.17 cells/glomeruli; Endo-VEGF, 54.62 ± 2.02 cells/glomeruli; P < 0.05). Moreover, the symptoms of preeclampsia in our Endo-VEGF mice, including hypertension, completely disappeared after placental delivery ( Figure 6A) , similar to what is observed in preeclamptic women.
The detrimental effects of endometrial VEGF overexpression are enhanced by placental sFlt1 knockdown. To determine whether the adverse effects of endometrial VEGF overexpression were caused by VEGF itself or, instead, by induced placental sFLT1 production, we expressed an sFLT1-specific shRNA in the placenta using our previously reported lentivirus-based method for trophoblast-specific transgene expression (27) . The same shRNA successfully knocked down sFlt1 in the cornea (28) . A lentivirus expressing GFP alone was used as a control (Figure 7 , A, C, and E). An sFLT1 shRNA-expressing lentivirus coexpressing GFP (LV-sFLT1shRNA-copGFP) was used to transduce blastocysts and mark the cells expressing the sFLT1 shRNA ( Figure 7 , B, D, and F). After blastocyst transfer, pregnancy outcome, fetal and placental development, and sFLT1 levels were assessed. In mice expressing the sFLT1 shRNA, levels of placental sFLT1 protein and mRNA and circulating sFLT1 were greatly reduced, while levels of VEGF (total), PLGF, FLT1, and FLK1 were not affected ( Figure 7 , G-M, and Supplemental Figure 7 ). Although the sFLT1 shRNA expression in the trophoblast lineage of the placenta ( Figure 7B ) did not affect blastocyst implantation into the endometrium, after establishment of pregnancy, placental sFlt1 knockdown caused a significant increase in the number of resorptions ( Figure 8 , K and L). Most significantly, hemorrhages and enlargement of superficial vessels were evident by GD18 in about half of surviving fetuses with sFlt1 knockdown and at placental-decidual junctions ( Figure  8 , A-D), similar to our findings in the Endo-VEGF model. Moreover, the maternal blood sinusoid spaces in the labyrinth layer were distended with sFLT1 shRNA expression ( Figure 8 , E-H). Placental sFlt1 knockdown-associated fibrin deposition in these spaces ( Figure 8 , E and F) and extravasated fibrin in adjacent areas ( Figure 8, I and J) suggest that these dilated spaces were formed by cystic degeneration. These results suggested that, even in the absence of VEGF overexpression, sFLT1-producing cells in the JZ may inhibit local VEGF signaling in the placenta and act as a barrier to maternal VEGF entering the fetal circulation.
To explore the interaction of VEGF overexpression with sFlt1 knockdown, we combined the treatments. Like the Endo-VEGF mice alone, animals with both VEGF overexpression and sFlt1 knockdown exhibited vaginal bleeding starting around GD10 and extensive hemorrhaging in placentas and deciduas (Figure 8 , M-Q). Most fetuses were resorbed by GD15, with few surviving to GD16 before onset of excessive vaginal bleeding and termination of pregnancy or resorption. Placentas and deciduas collected on GD16 also showed vascular damage, similar to that in Endo-VEGF mice alone, but with widespread hemorrhage, severe engorgement of maternal venous sinuses and veins in the decidua and of maternal blood sinusoid spaces and fetal blood vessels in the labyrinth, and extensive fibrin extravasation (Figure 8 , R-V). These results indicated that sFLT1 downregulation exacerbates the effect of endometrial VEGF overexpression on the local vasculature in the placenta. This suggested that the adverse effects of endometrial VEGF expression are caused by excess VEGF levels, not by the induced sFLT1, and that sFLT1 protects against excess locally produced VEGF at the maternal-fetal interface. of VEGF in placentas has been reported previously in women with preeclampsia (12, (16) (17) (18) (19) , and this correlates with the severity of the disease (17) . Other studies have shown concomitant increase in serum (18) and kidney tissue (29) levels of VEGF and sFLT1 in preeclamptic women. However, studies on circulating levels of VEGF in preeclampsia have been inconsistent, with reports of both increased and decreased levels. It has been suggested that these inconsistencies are primarily due to differences in methods used for detection of free (unbound) vs. total (bound and unbound) circulating levels of VEGF (6, 18) : studies reporting decreased VEGF measured free VEGF (6), whereas studies reporting increased VEGF measured total VEGF (16, 18, 19) . In this respect, these studies support the hypothesis that while total VEGF production increases in preeclampsia, it is sequestered by the vast excess of sFLT1, thereby increasing levels of the bound form. Furthermore, our results, together with previous reports (5, 18) , showed decreased production of PLGF and low abundance of VEGFB (the other ligands of sFLT1) in preeclampsia, which suggests that
Discussion
The results of the present study define an important regulatory relationship between increased local decidual VEGF production and increased sFLT1 expression in adjacent trophoblasts at the maternal-fetal interface in preeclampsia. Our evidence argues that, although the maternal symptoms of preeclampsia result from increased circulating levels of sFLT1, the upregulation of sFLT1 in placental cells may be a response to increased local levels of VEGF produced in maternal decidual cells. In addition, we found that sFLT1 plays a critical local role, even in normal pregnancies, by preventing damage to the placenta and fetus that would otherwise be caused by excess VEGF signaling. Our findings indicate that VEGF levels are tightly controlled at the maternal-fetal interface, at least in part through modulation by sFLT1. This result has potentially critical implications for the design of therapies for preeclampsia that manipulate sFLT1 and/or VEGF levels. Our findings demonstrate that VEGF expression is increased in decidual tissue in preeclampsia. Increased expression and release , and ELISA of maternal serum sFLT1 protein (M) revealed significant reductions at GD18 in placental sFlt1 knockdown animals, whereas (L) placental VEGF/sFLT1 protein ratio was significantly increased by sFlt1 knockdown. Results are mean ± SD. *P < 0.05 (n = 5). Scale bars: 20 μm (A and B) ; 500 μm (C, D, G, and H); 100 μm (E and F).
VEGF and sFLT1 at the maternal-fetal interface in humans (basal plate and EVTs) and mice (JZ, spongiotrophoblasts, and GlyTCs) and showed that cytotrophoblasts were the main producers of sFLT1 at later stages of pregnancy in both species. The spatial expression and regulation of VEGF and sFLT1 in preeclamptic women also appeared to be identical to those of our Endo-VEGF murine model (i.e., dramatically increased VEGF expression in the decidual layer and sFLT1 in the adjacent EVTs; Figure 1) . We also observed an expansion of the JZ (as reflected by glycogen cell number) in Endo-VEGF mice. A prior study in humans shows parallel expansion of the analogous EVT layer at the basal plate in preeclampsia (38) , which could contribute to the overall increase in sFLT1 production. Although preeclampsia is often associated with shallow trophoblast invasion and consequent failure of SpA remodeling (1-3) , we did not find changes in glycogen cell invasion of the decidua or remodeling and endovascular trophoblast invasion of SpAs in Endo-VEGF mice. However, this may not be an indication of a critical difference between humans and mice in terms of VEGF-sFLT1 regulation at the maternal-fetal interface. There is mounting evidence that failure of SpA remodeling can result from defects in decidualization and that it is not limited to preeclampsia; it is seen in several other pregnancy complications, such as intrauterine growth restriction and recurrent spontaneous abortion, suggesting it is an indicator of defects in multiple functional pathways (39) . Therefore, it is possible that failure of SpA remodeling and increased placental sFLT1 production in preeclampsia may be independent processes; however, further work in primates is needed to examine whether these processes have a common origin in defects in placentation/decidualization and/or increased decidual VEGF levels.
Our data in mice also showed an association between VEGFinduced sFLT1 production and hypertension onset, as well as reversal of symptoms after delivery, similar to what is seen in preeclamptic women. Although numerous studies have implicated sFLT1 in the pathogenesis of hypertension in preeclampsia, the underlying molecular mechanism is not fully understood. Consistent with previous studies in both mouse models and preeclamptic women, the onset of hypertension in the Endo-VEGF animals in our study occurred well before term, when sFLT1 levels, although elevated, are similar to or even lower than the control levels at term (40, 41 ), yet control animals do not develop hypertension. It is likely that the sensitivity of hypertension to sFLT1 levels varies throughout pregnancy (30) and that the threshold level for development of hypertension at early stages is lower than it is at later stages.
Additionally, increases in VEGF and/or sFLT1 levels have been reported in other pregnancy diseases, such as intrauterine growth restriction, recurrent early pregnancy loss, and abruptio placentae (42) (43) (44) . Some of the clinical symptoms associated with these disorders fit well with the symptoms manifested by our Endo-VEGF mice at different stages of pregnancy -for example, hemorrhages and early pregnancy loss associated with higher levels of VEGF and lower fetal weight and development of preeclampsia-like symptoms in pregnancies that continue to term. However, the molecular mechanisms underlying these pregnancy disorders are poorly understood, and future studies should examine the involvement of VEGF-sFLT1 signaling in the development of pathology in these pregnancy diseases.
among the 3 sFLT1 ligands, only VEGF increases in preeclampsia. Regardless of whether free VEGF levels are elevated in serum, we believe that it is the local levels of VEGF activity that matter in preeclampsia, as our mouse model showed that a moderate increase in decidual VEGF was sufficient to initiate sFLT1 release from the placenta, leading to the development of preeclampsia symptoms. Consistent with our observations, several studies that have carefully examined the relationship between VEGF level and biological outcome in vivo have found that VEGF has complex functions, that many cells are extraordinarily sensitive to VEGF, and that even modest changes in VEGF level can have dramatic consequences for development and physiology (24, 30) .
Moreover, our results provided strong evidence that the increased circulating levels of sFLT1 in preeclampsia are primarily the consequence of local overproduction of VEGF at the decidualplacental interface. A recent report has indicated that in cultured endothelial cells, VEGF directly upregulates sFlt1 without influencing the expression of the membrane-associated full-length Flt1 (11) . Furthermore, VEGF has been shown to stimulate release of sFLT1 from human placental explants in a dose-dependent manner (12) , and VEGF treatment in pregnant mice can induce hypercoagulation and hypertension, some of the clinical manifestations of preeclampsia (21) . Given that local VEGF level is a key determinant of VEGF function (22) (23) (24) 31) , our findings that VEGF levels were increased specifically in the local microenvironment in the decidua and that sFLT1 was specifically increased in nearby trophoblasts in preeclamptic women strongly suggests a role for local VEGF in stimulating sFLT1 production in these cells. Although it is also possible that placental sFLT1 stimulates decidual VEGF expression in preeclampsia, we are not aware of any evidence in the literature to support this supposition.
Because endometrial VEGF overexpression led to increased placental sFLT1 levels, we investigated whether sFLT1 contributes to the placental changes in Endo-VEGF animals. The effects of placental sFlt1 knockdown in Endo-VEGF animals were similar to those of VEGF overexpression alone, but more pronounced and widespread, which suggests that the increased sFLT1 production in Endo-VEGF animals does not contribute to these effects, but rather that they result from the unopposed effects of excess VEGF activity. Furthermore, sFlt1 knockdown alone produced symptoms consistent with excess local activity of VEGF in other tissues (24, 28, 31, 32) and with some of our findings in Endo-VEGF animals, which suggests that placental sFLT1 may play a critical role in neutralization of excess local VEGF at the maternal-fetal interface. We also found that placental knockdown of sFlt1 did not affect either blastocyst implantation or early placental development, similar to the previously reported finding that trophoblast-derived FLT1 is dispensable for establishment of the maternal-fetal interface (i.e., the early stages of pregnancy) (33) . However, that study did not extend past midgestation, and we found here that placental knockdown of sFlt1 caused widespread vascular abnormalities in both fetus and placenta and increased rates of fetal demise at later stages of pregnancy. Thus, our findings revealed a previously unknown requirement for sFLT1 for vascular homeostasis in the placenta and fetus in later stages of pregnancy.
Our present results and previously published reports (34-37) demonstrated similar patterns of expression and regulation of GD12, GD15, and GD18 for RNA and protein extraction, IHC, ISH, and other histopathological analyses. Implantation rate, fetal and placental weight, and number of resorption sites were also recorded.
Endometrium-specific VEGF overexpression during pregnancy. VEGF was overexpressed in the endometrium using a new method for lentivirus-mediated gene delivery into the endometrium (see Supplemental Methods). LV-VEGF/GFP or LV-Fluc/GFP was infused into the lumens of each uterine horn after denudation of the luminal epithelium. At 5 days after virus delivery, animals (n = 18) were mated. Blood pressure was measured every 2 days (see Supplemental Methods), starting on GD1, and blood and urine samples were collected on GD12, GD15, and GD18. To assess kidney function, albumin (Albuwell M ELISA; Exocell) and creatinine (Exocell) levels in urine specimens were measured following the manufacturer's instructions, and the albumin/creatinine ratio in each sample was determined as described previously (48) . Glomerular cellularity (determined as cell number per glomeruli) was assessed in PAS-stained sections in a blinded manner by one investigator and verified by another (pathologist) (49) . In each group, 60 consecutive cortical glomeruli were evaluated. Evaluation of vascular permeability and collection of tissue samples from various organs were performed as described above. Additionally, we transferred blastocysts transduced with sFLT1 shRNA to a group of Endo-VEGF animals (n = 3) to examine the effects of placental sFlt1 knockdown in these animals.
RNA extraction, qPCR, ISH, IHC, Western blotting, and ELISA. These were performed using procedures, probes, primers, and antibodies described previously by us and others (27, 35, 45, 47) . See Supplemental Methods for details.
Statistics. All data are expressed as mean ± SD using at least 5 samples per experimental group (27, 45) . The significance of differences between means was analyzed by 1-way ANOVA and 2-tailed t test using SPSS software (SPSS Inc.) (27, 45) . A P value less than 0.05 was considered significant.
Study approval. Pregnant women receiving care at the Stanford Obstetrics Clinic were enrolled in this study, after written informed consent, with an approved protocol from the Stanford University Institutional Review Board. All mouse experiments were conducted in the research animal facility at Stanford University with approved protocols from the Administrative Panel on Laboratory Animal Care of Stanford University.
In summary, although VEGF is essential for normal embryonic development, we have shown that mild elevation of local VEGF levels during early pregnancy can cause severe placental vascular damage and embryonic lethality. Our results also showed that modest local increases in VEGF could also be a primary trigger for elevation of placental sFLT1 expression, leading to the hallmark symptoms of preeclampsia. We believe that placental sFLT1 plays an essential role in placental functions and that overexpression of sFLT1 in preeclampsia, although damaging to the mother, serves a critical protective function for the placenta and fetus through its sequestration of maternal VEGF. Considering current efforts to treat preeclampsia through systemic administration of VEGF or extracorporeal removal of circulating sFLT1, our results suggest that mild deviations from normal VEGF and sFLT1 levels during pregnancy could have serious consequences and underscore the need for caution when manipulating their levels for therapeutic purposes.
Methods
Human subjects. In total, 25 preeclamptic subjects and 34 gestational age-matched normal subjects (without preeclampsia or any other pregnancy complication) were recruited. For details of subject selection and clinical diagnosis of preeclampsia, see Supplemental Methods.
Animals. CD-1 (Charles River) female mice (8-12 weeks of age) were mated with fertile or vasectomized males (10-16 weeks of age) to induce pregnancy or pseudopregnancy, respectively; the day of vaginal plug detection was considered GD1 (27, 45) .
Viral vectors. Lentivirus construction and production were described previously (27, 46, 47) . Briefly, LV-Fluc/GFP was prepared by incorporating the coding sequences for firefly luciferase (Fluc) and EGFP linked by an encephalomyocarditis virus internal ribosomal entry site (IRES) sequence (27, 46) . The lentivirus encoding VEGF and EGFP (LV-VEGF/GFP) was constructed using a self-inactivating HIV-based vector (46) , For preparation of the lentivirus encoding the shRNA targeting sFLT1 (LV-sFLT1shRNA), a sequence in the unique carboxyterminal region of sFlt1, previously proven to be highly effective in the cornea (28) , was amplified from the pshRNA sFLT1 plasmid along with the H1 promoter (primers TGCTCTAGATTCCCAGTCAC-GACGTTG and ATAATGGATCCGGAAACAGCTATGACCATG) and cloned into pCDH-CMV-MCS-EF1α-copGFP. The CMV promoter was removed for construction of LV-H1-sFLT1shRNA-EF1α-copGFP following a standard cloning protocol. Viral particles were produced using standard calcium phosphate transfection in human embryonic kidney fibroblasts (293FT), concentrated using PEG-it Virus Precipitation Solution (System Biosciences), resuspended in PBS, aliquoted, and stored at -80°C (27, 47) . Virus titer (particles/ml) was determined using the QuickTiter Lentivirus Quantitation Kit (Cell Biolabs Inc.) as described previously (27, 47) .
Placenta-specific expression of sFLT1 shRNA. sFlt1 expression in the placenta was knocked down using lentivirus-mediated, placenta-specific expression of sFLT1 shRNA, as described previously (27, 47) . Blastocysts were transduced with either control (LV-copGFP) or sFLT1 shRNA (LV-sFLT1shRNA-copGFP). Optimal virus concentration, incubation time, selection of optimally transduced blastocysts, and the procedure for blastocyst transfer into pseudopregnant recipients (n = 18) have been described previously (27, 47) . Maternal blood, urine, and tissue samples from various organs (including kidneys, livers, lungs, brains, deciduas, placentas, and fetuses) were collected on
